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AHHOTALMUA

BBeaeHwue. B HacTosiLLee BpeMs B Ka4ecTBe BSXKYLLErO BeLLecTBa ANs NonyveHns 6eTOHOB NPUMEHSAETCS NOPTNaHALEMEHT,
MMUpPOBOE NPOU3BOACTBO koToporo hopmumpyeT nopsigka 10 % obLero Beibpoca yrrekucnoro rasa B atmocdepy. MNepcnek-
TUBHAa YacTUYHAs UMW MOMHas 3aMeHa NopTnaHALeMeHTa HOBbIMU BeCcLieMEeHTHBIMU BSXYLLMMUN BELLECTBaMU, ANS Nosy-
YeHUsi KOTOPbIX MOTYT ObITb UCMOMNb30BaHbl MHOTOTOHHAXHbIE TEXHOTeHHble 0TX0Abl, 0bnagatoLme LeMeHTUPYIOLMM Aeli-
CTBUEM, HanpuMep, TOHKOM3MENbYEHHbI AOMeHHbIV wnak (ALW), 3ona yHoca (3Y) TOC u 3ona, obpasytoliascs npu
oxuraHum pucosoi wenyxu (3PLL). B kayecTBe akTmBaTopa CXBaTblBaHWSA U TBEPAEHWUS TAKMUX BSXKYLLMX BbICTYNalT BOAHbIE
weno4Hble pactsopbl (NaOH 1 Na,SiO; nnu KOH 1 K,SiO;), a Ansa perynupoBKu CPOKOB CXBaTbIBAHWUA — ABYBOAHbIN TUMC.
BeToH, nony4aemblii Ha OCHOBE HOBbIX GECLIEMEHTHbIX BSXKYLLUMX, Ha3bIBAETCS reononmMepHbI 6ETOH.

MaTtepuans! u meTtoabl. C Lienbio CHMKEHUst pacxoda BoAbl 3aTBOPEHWS Npu coxpaHeHun Tpebyemoin yanoboyknagsiBaemo-
CTU Menko3epHUCTo 6ETOHHON CMECH B ee COCTaB BBOAMIICS NonukapbokcunaTHbIn cynepnnactudukatop. Bee cbipbeBble
KOMMOHEHTBbI 3a UCKIToYeHNeM cynepnnactudukaTtopa MecTHoro Ans BeeTHama nponcxoxaenust. NpumMeHsinvce cnegyiolme
MeToAbl MCCNefoBaHWn: COCTaB reononMMepHon BETOHHOM CMeCcH paccyuTbiBanu nNo Metoay abcontoTHbIX 06bemoB, yao-
6oyknaabiBaemocTb 6eToHHON cmecu onpeaensinu no ASTM C1611-18 n TCVN 3106:2007, npoYHOCTb GETOHOB Ha cxaTve
1 pactsikeHue npu n3rnoe — no FOCT 10180-2012, cpeaHtoto NnoTHocTb 6etoHa — no MOCT 12730.1-78.

PesynkTaTtbl. PazpabotaH coctaB reononMmepHoro 6eToHa Ha LWenoYyHoM GecLieMeHTHOM BsxXyLLeM, obrnagarowuii B pe-
3ynerarte TennoBon 06paboTku B TedeHue wectn YacoB npu Temnepatype 100 °C B Bo3pacTe 28 CyTOK NMPOYHOCTbLIO Ha
cxatune nopsigka 60 MlMa, KOTOpbI MOXHO MCMONBb30BaTh B YCIIOBUSIX XXapKOro 1 BNAXHOro knumarta BeeTHama.

BbiBoabl. PazpaboTaHHbiin 6ecLieMeHTHbIN 6eToH Takke 0brnagaeT BbICOKOW BOAOHENPOHULAEMOCTbLIO U HA3KUM BOLOMO-
rnoteHveM. Tako 6eToH SKOHOMUYEH, 1 ero NPOn3BOACTBO ByAeT cnocobCcTBOBaTL OXpaHe OKpyxatoLle cpedbl 3a cyeT
3KOHOMWM NPUPOAHBIX PECYPCOB U BO3MOXHOCTY UCMOSb30BaHNSI MHOTOTOHHaXHbIX TEXHOrE€HHbIX OTXOA0B.

KITKOYEBbIE CJTOBA: reononumepHbii 6€TOH, 6eCcLieMeHTHOE LLIENOYHOE BShKYLLEE, MHOTOTOHHAXHbIE TEXHOrEeHHbIE OT-
X0[bl, aKTUBHbIE MUHEparbHble 06aBKM, aKTUBMPYIOLLMIA LLENOYHONM PacTBOp, NoONMKapboKcHaTHbIN cynepnnactudukaTop

BbnaezodapHocmu. MybnukyeTcst Npu noaaepkke rpaHTa Hay4yHo-TexHMYecko nporpammel MuHucTepcTBa BeeTHama, pea-
nusyemoii ¢ 2021 roga B cootBeTcTBUM ¢ Ne 3813/QD-BGDDT ot 20.11.2020, Ne B2021-MDA-11 «WccnenoaHusi no npo-
M3BOACTBY BbICOKOMPOYHOro GETOHA C MCMOMNb30BAHNEM HELIEMEHTHBbIX BSXKYLLMX, UCMOMb3YEMbIX NMPU CTPOUTENBCTBE 30aHWUNM,
NoABEPXKEHHbIX BO3AENCTBUIO KOPPO3UM MOPCKOW BOLOM».
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ABSTRACT

Introduction. Currently, in all countries, Portland cement is used as a binder in the production of concrete, and its global
production accounts for 10 % of the total carbon dioxide emitted into the atmosphere. Therefore, Portland cement can be
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partially or fully replaced by new cement-free binders, made of large-tonnage technogenic waste with a cementing effect, for
example, by finely ground blast furnace slag, fly ash generated by thermal power plants and ash formed during the combus-
tion of rice hulls. Aqueous alkaline solutions (NaOH and Na,SiO5 or KOH and K,SiO3) should be used as activators of setting
and hardening of such binders, and calcium sulfate dihydrate can be used to adjust the setting time. Concrete containing
new cement-free binders is called geopolymer concrete.

Materials and methods. In order to reduce mixing water consumption and maintain the required workability of the fine-grained
concrete mixture, a polycarboxylate superplasticizer was introduced into its composition. All raw materials, except for the su-
perplasticizer, were of the Vietnamese origin. The following research methods were used: the composition of the geopolymer
concrete mixture was analyzed using the absolute volume method, the workability of the concrete mixture was determined
according to ASTM C1611-18 n TCVN 3106:2007, compressive and tensile strength of the concrete, subjected to bending,
were tested pursuant to GOST 10180-2012, and the average density of concrete was tested according to GOST 12730.1-78.
Results. The co-authors have developed the composition of the geopolymer concrete containing the alkaline cement-free
binder. As a result of the heat treatment of the 28-days-old concrete for 6 hours at 100 °C, its compressive strength reaches
about 60 MPa; hence, it can be used in the hot and humid climate of Vietnam.

Conclusions. This cement-free concrete, in addition to its high strength, has good water resistance and low water absorption.
This concrete has economic benefits, and its production will help to protect the environment due to the lower consumption
of natural resources and the applicability of large-tonnage technogenic waste.

KEYWORDS: geopolymer concrete, cement-free alkaline binder, large-tonnage technogenic waste, active mineral additives,
activating alkaline solution, polycarboxylate superplasticizer
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BBEJAEHUE

B nociename roapl mpeanioxkKeH HOBBIH Crtocob mo-
Jy4eHHs: OETOHHOM cMecH, He colepiKalleil IieMeHTa,
KOTOPBIIf MOXET OBITh 3aMEHEH MHOTOTOHHAKHBIMH OT-
XOJIaMHU B BH/I€ TOTIJIMBHOM 301161 yHOCA (3Y), JOMEHHBIX
nuraxoB (1) u gp. [Ipu 3TOM 10 IpogHOCTH Oectie-
MEHTHBII O€TOH, Moy4YaeMblid B pe3yJibTaTe 3aTBep/ie-
BaHUS TaKOH CMeCH, OyJeT CpaBHUM C TPaJAUIIHOHHBIM
0eTOHOM Ha OCHOBE LieMeHTa. HeoOX0JuMbIM KOMIIO-
HEHTOM ITPOU3BOJICTBA TAKOTO OETOHA SBIISIETCS CIICIH-
QJIBHBIH IEIIOYHON PaCTBOP, KIUIABSIIIUID TIPOMBIIIIICH-
HBI€ OTXOJBl M CKPENJAIIHUN MeXAy co0oi
KOMITOHEHTBI CMECH TaK K€, KaK 1 [IeMeHT. Takol mare-
puain Oynet o6anaTh 0oJiee BBICOKOH OTHe- U KOPpO3H-
OHHOM CTOMKOCTBIO. Mcionp3oBaHue OeToHa Oe3 1eMeH-
Ta MOXKET YJIYUIIUTb COCTOSTHUE OKPYXKAIOUIEH Cpelbl,
B TOM YHCIIC U 33 CYCT CHIYKEHUS BEIOPOCOB B aTMOC(e-
py ymiekucioro rasa, 10 10 % xotoporo B Mmupe obpa-
3yeTcs B pe3ylbTare MpON3BOICTBA MOPTIAHIIICMECHTA
[1-3].

[Ipobnema ymydnieHUs: KOJIOTHH ITyTEM paIno-
HAJIbHOTO IIPUMEHCHUSI MHOTOTOHHAYKHBIX [TPOMBIIIUICH-
HBIX OTXO/IOB CTOHT BEChMa OCTPO, TIOCKOJIBKY Ha CETOI-
HsIHUK eHb B Poccuiickoit @eaepalinu oaHU JTUIIL
30JIOTILTAKOBEIE OTXO/IBI TPEATPUATHN YHEPTETHIECKOTO
KOMILIEKCA, €XKETOIHbI 00hEM KOTOPHIX MPEBHIIIACT
25 MJTH T, 3aHUMAIOT TuToma s 6omnee 20 Toic. Ta [4, 5].

Bo Brername, corniacHo oTuety MuUHHCTEpPCTBA
MIPOMBIIIIIEHHOCTH ¥ TOPTOBIIN, B HACTOSIIIEE BpEMSI 1K -
CTByeT 21 yroipHas TEIUIOAICKTPOCTAHIINS, BEIOPACHI-
Baronye mouTy 20 MITH T 30J1bI U IIUTaKa B TO, JUJIS UETO
TpeOyroTcs cBalku o0miel miomanasio oonee 800 ra.
Osxuaanock, uto k 2020 . Oyaer QyHKIIHOHHUPOBATH CIIIe
12 yroibHBIX MEKTPOCTAHIINHN, 9TO TPO3UT YBEITHUCHH-
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€M CIKETOIHOTO BBIOPOCA 3071 ¥ IILTAKOB 10 23—25 MIIH T.
3TO OTPUIIATENEHO MOBIHUAET Ha OKPYKAIONIYIO CPEmy
1 BBI30BET 3arps3HEHUE BOBI. XOTS IPOMBIIUICHHBIE
orxozsl (3Y, A1) n HaxonaT NpUMEHEHHE B IPOU3BOI-
CTBE HEKOTOPBIX BHJIOB CTPOUTEIBHBIX MaTepHasIoB (Ha-
pumep, 000KKEHHOTO KMPIHUYa, a TAKXKE JUIs BIpaB-
HUBAHUS JOPOKHOTO MOJIOTHA), HO UX UCIIOIB30BaHHE
OTPAaHUYCHO M COCTABISET TONBKO OKOJIO 5—10 MIH T
B rox [6-8].

Bo BeerHame JIelicTBYeT 3HAUUTEIBHOE KOJTMIECTBO
MeTalTyprudeckux 3aBogoB — «Txail Hryen», «Xa
Tunby, «®@y Mn», «Xoa @ar» u n1pyrue, B pe3yibrare
uX pabOoTHI €KETOAHO 00pasyeTcs OONBII0E KOIUYECTBO
JIOMEHHBIX IIJIAKOB, 3aTrPA3HAIOIINX OKPYKAIOILYIO Cpe-
1y. [ToaToMy MCIIOIb30BaHNE TAKUX IIUTAKOB JIISL MOMTY-
yeHHus 0eToHa OyaeT cmocoOCTBOBATH MOBHIIICHUIO
HKOHOMHYECKOH 3()(PEKTUBHOCTH MPOU3BOJCTBA U MU-
HUMH3HUPYET 3arpsi3HEHUE OKPYXKAIOLIEH cpe/bl.

MupoBoe IpOU3BOICTBO [IEMEHTA COCTABIISACT OKO-
J10 3 MJIPZT T B TOII, B TOM UKCJIe BO BheTHaMe — 99 MuTH T.
W3rorosienue neMeHTa — MpOLEcC HE TOIBKO JOPOTO-
CTOSIINI, HO U SHEPTOEMKHHi, CIIOCOOCTBYIOIHIA BO3-
HUKHOBEHHUIO MapHUKOBOTO 3ddekTa n3-3a BeIOpoca
yIIeKucIoro ra3a. [Ipu cobmoieHnn Bcex HOpMaTHBHBIX
TpeOOBaHMIl K BSDKYIIEMY BELIECTBY B TEXHOJIOTHH ITPO-
M3BOZICTBA OETOHA YACTh LIEMEHTA MOXHO 3aMEHHUTB IO/~
XOJISIIIMM TIO COCTaBY CHEIHAIBHO MepepadOoTaHHBIM
nuIakoM. Tak Kak JOMEHHBbIE IITAaKK O1arofapsi CBOeMy
XMMHUKO-MHHEPAJIOrHIECKOMY COCTaBYy (COOTHOIICHHE
mexay SiO,, Al,O; n CaO) 061a1a0T peakMOHHOH
CHOCOOHOCTBIO, TO 3aMEHA UMHU YaCTH KIIMHKEPa [103BO-
JIUT CHU3UTh CTOMMOCTb KOMITO3UIIMOHHOTO BSIKYIIIETO,
YMEHBIIHUTH MOTPEOICHUE IIEKTPOIHEPTHH 1 BBIJIEIIsIC-
Mmoro termna u CO, [9-11].
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HpOMI)IHIJ'IeHHI)Ie OTXOJbI, B TOM YHCJIC TOIIJIMBHBIC,
SIBIISIIOTCS CEPbE3HOM MPUYMHON BO3HUKHOBEHHMS PO-
671eM 3KOJIOTHYIECKOT0 XapaKTepa, BHI3BIBAIOIINX 3aTPsi3-
HEHHUE MOYBBI, BOABI U BO3yXa OKPY)KaIOLIEH cpessl
BO Bcex NpoBUHLMAX BeeTHama. [1pu aToM ypoBeHs 110-
BTOPHOTO MPUMEHEHUS] TEXHOTEHHBIX OTXO0/I0B BEChMa
OTPAaHMWYEH U COCTABISAET Bcero okomo 2—5 % [7, 8].

TeroBast 37€KTPOCTAHIMS B HHIYCTPUATIHLHOM
mapke « ByHr AHTY, pacmonoxeHHas B IEHTPaTbHON
yactu BreTHama, Havyana cBor padoty B 2012 r. Exe-
TOITHO OHAa 00pa3yeT MPUMEPHO | MITH T pa3IHMIHBIX 30-
JIOIJIAKOBBIX OTXO0B, KOTOPBLIC, TIOMUMO 3arpsA3HECHUA
BO3/lyXa, BBI3BIBAIOT TAK)KE CEPHE3HOE 3arpsi3HEHNE
Mopckoi Bojibl, puBeiee B 2016 1. kK MaccoBoii rude-
JIU PBIOBI 1 MOPCKUX KHUBOTHEIX (puc. 1) [10].

Puc. 1. 3arpsisHeHue MOPCKO BOJIbI TEXHOTEHHBIMU OTXOJIaMH
B MHIyCTpUANbHOM napke «Bynr Aur» (BretHam)

ITosToMy yTHIIM3aIKS OTXOJ0B CKHUIAHUS TBEPIO-
IO TOTUTUBA — HE CTOJIBKO BOIIPOC IKOHOMUHU MaTepH-
aJIBHBIX PECYPCOB, CKOJIBKO HEOOXOANMOCTD PELICHNUS
Ipo0JIeMbI BO3PACTAOIIETO 3arPSI3HEHHSI OKpYIKarolen
CpeIibl U, CIIEIOBATENILHO, 30POBBSI JTIOAICH.

Tak kak 3V, 11 u 3PII o6nangaroT 3HAYUTETBHOM
XMMHYECKOH aKTHUBHOCTBIO, OHH TPEJICTABISIOT 00JIb-
LIMH UHTEpEeC JUIs TTIepepadOTKH C LENbI0 UX BTOPHYHO-
TO MIPUMEHEHHS.

B crpanax, mpou3BOASAIIMX PUC, B CPETHEM TIPU
morydeHnd 1 T 3epHa obpasyercs 6oiee | T pucoBoit
COJIOMBI U LIEIYXH, TOATOMY CYIIECTBYET Cepbe3Has
npo0iemMa ux yTuim3anui. PUCOBYIO COIOMY HCTIONB3Y-
10T B OCHOBHOM JJIsl CEIIbCKOXO3SHCTBEHHBIX HYX]
(Ha KopM >XKUBOTHBIM HzeT 710 70 %), a TaKxe B CTPOH-
TEJIbCTBE B KAUECTBE OTICIOUHBIX M KPOBEIBHBIX MaTe-
puainoB (10 5 %), OCTaJIbHYIO COJIOMY CXKHMTAIOT HETlo-
CPEACTBEHHO Ha MOJAX (10 15 %) Wi OCTaBISAIOT TaM,
a TaKke B MecTax 00MOJIOTa puca JUIsl €CTECTBEHHOTO
pazioxenust (o 10 %). Ha cerogusimramii 1eHb OCHOB-
HBIMHU HaINpaBJICHUSIMHU YTHIIN3AIUN PUCOBOM COJIOMBI
SIBIISTIOTCSI TIOJTyYSHHE LEJITIONI03BI M €€ MPON3BOIHBIX
npoxykToB [12, 13], a pucoBoii menyxu — mnosryueHue
KpeMHe3eMa B KPUCTAJLTMYECKOH 1 aMopdHOH opmax
[14], ¢ mocnenyoOMKUM HCIONB30BAHUEM aMOP(HOTO
KpeMHe3eMa B TEXHOJIOTUH CTPOUTENILHBIX MaTEPHAIIOB.

C 1994 r. Bo BreTHame, Kak U B APYTHX PUCOIIPOU3BO-
JIIUX CTPaHaX MHpa, MPOBOAATCS Pa3IMIHbIEC UCCIIe-
JIOBaHMsI, HAIIPABJICHHbIC Ha IPUMEHEHUE PHCOBOH CO-
JIOMBI 1 301161 prcoBol menyxu (3P1LI) B mpousBoacTee
CTPOUTENBHBIX MaTepuaios [ 15]. PaccmoTpes nctoputo
BOIIPOCA, MOXKHO CJIeJIaTh BBIBOJI, YTO OOJIBITMHCTBO
MIPOBEICHHBIX MCCIIE0BAHUM OBLIO HAIIPABICHO HA M3-
yuenne Biaustaus 3PII Ha cBoiicTBa GETOHOB M CTPOH-
TEJILHBIX PACTBOPOB, U IIOYTH HET MCCIICOBAHMHN T10 Te-
OIIOJIMMEPHOMY OETOHY.

BreTHam pacnosnoxeH B pailioHE BHYTPEHHUX TPO-
ITUKOB CEBEPHOTO TIOJTYIIAPHS C XapaKTEPHBIM MYCCOH-
HBIM THUIIOM KJINUMAaTa ¥ CUIbHOHN nuddepeHnnanuei
T10 CE€30HAM U TEPPUTOPUH CTPAHBI, BHITSHYTOM C ceBepa
Ha for Oonee yeM Ha 3200 KM BIOIE MOPCKOTO TIOOepe-
Kb, HA KOTOPOM B TIOCJIE/IHIE I'OJIbI HAOJIIOIAeTCsl MHO-
TOKpaTHOE YBEIMYCHUE YNCIIa THAPOTEXHUUECKUX CO-
opyxennii [10].

CyIecTBEHHBIM JIONIOJTHEHHEM K 9TOMY CIIy)XaT
MHOTOYHUCIICHHBIE THPOTEXHUUECKHE OOBEKThI, COCTAB-
JSIOIINE CHCTEMY BOJOXPAHWMIIHII U KaHAJIOB 110 BCEH
TEepPPUTOPUU CTpaHsI [16].

[To pe3ynabraTram aHayn3a, MPOBEJACHHOTO PSIOM
Hay4HO-UCCIIEN0BATENbCKUX YupexkaeHuil BeeTHama,
6onee 50 % y370B ¥ KOHCTPYKINH MOPCKUX M PEUHBIX
THJPOTEXHUYECKUX COOPYKEHHU I CTpaHbl IPHOOPETaroT
CepbE3HBIC MTOBPEXKCHUS HITH TIOTHOCTHIO Pa3pyIIatoT-
cs nocisie 5—20 ner skcrutyarauuu [11, 13].

B mporniecce AUTENBHOM SKCIUTYaTalUK 110]] BO3-
JIEWCTBHEM I'PYHTOBBIX BOJ] CHUKAIOTCS TPOYHOCTB U JI0JI-
TOBEYHOCTD JKEJIE300€TOHHBIX KOHCTPYKINH, B OeTOHE
TIOSIBIISIFOTCSI TPEIIMHBL, TOCTEIIEHHO HCTHPACSTCS 3alHT-
HBIH CJIO#i, B pe3ysibTare uero 0OHa)xaeTcs U MoJBepra-
€TCsI KOPPO3UH CcTanbHas apmarypa [17-19].

ABTOpBI JaHHOH CTATHbU M3y4YHIH BO3MOXKHOCTb HC-
T10JIb30BaHUSI MHOTOTOHHQ)KHBIX TEXHOTEHHBIX OTXO/I0B
(3Y, A1 u 301161 pUCOBOIA) B COYCTAHHIH C aKTHBHPYIO-
muM 1menounsM pactBopoM (NaOH u Na,SiO;) nns
MOJIYYCHHUS TEONOIMMEPHOTO OSTOHA Ha OECIIEMEHTHOM
BSDKYIIIEM, 00JIaIal0IETO BEICOKUMH KCILTyaTal[OH-
HBIMH TI0OKa3aTesIMU. B pesyibrare sKCriepuMeHTalb-
HBIX UCCIIC/IOBaHU ObUT ITOJTyueH OeClieMEeHTHBIN OeTOH,
KOTOPBIH TIOCTIE TEIUIOBOH 00pabOTKH IIPH TEMITEPAType
100 °C B Teuenue 6 yacoB B BO3pacTe 28 CyTOK IOKa3al
poyHOCTh Ha cxkarue 62 MIla. Takke momydeHHBIN
0eToH 00J1a/1aeT BBICOKOH BOJIOHETIPOHHUIIAEMOCTHIO M HH3-
KHM BOJIOIIOIVIOIIIEHUEM, YTO 10 COBOKYITHOCTH CBOIMCTB
TI03BOJISIET UCIIONIB30BATH €TI0 JUIsl TPOU3BOJCTBA CTPOU-
TEJIbHBIX PA0OT B yCIOBUSIX JKaPKOTO U BIIAXKHOTO KIIU-
Mmata BretHama. Kpome T0oT0, MPOM3BOACTBO TAaKOTO
OeroHa OyneT criocoOCTBOBAThH OXpaHe OKpY’Karomien
Cpeibl 3a CHeT SKOHOMHH MPUPOJHBIX PECYPCOB U BO3-
MOXXHOCTH NTPUMEHEHNSI MHOTOTOHHA)KHBIX TEXHOTEH-
HBIX OTXOJIOB.

MATEPHAJIBI 1 METOJbI

Marepuasbl. B pabore ObUTH UCTIONB30BAHBI Clie-
JIYIOUINE ChIPhEBbIE KOMITOHEHTBI.
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1. AKTHBHBIE MUHEPAJIbHbIE T00aBKHI

Vcnonb30BaHHbIC AKTUBHBIC MHHEPAJIbHBIC 100aB-
ku (MJ1O) Brutowanu TorumuBHyo 3Y, A1 u 3PILI. [Tns
PETyIMPOBaHUS CPOKOB CXBAThIBAHUS OCTOHHON CMECH
MIPUMEHSUICS IPUPOIHBIN JIBYBOIHBIN THIIC.

3ona ynoca

Huskokanbiuesas 3Y TOC «Bynr Aur» knacca F
cooTercTBOBasa Tpebosanusam [OCT 25818-2017!, ee
BJIAXKHOCTH cocTaBiisuia 1,15 %, uCcTUHHAS TIJIOTHOCTD
p=2,19 r/em’, HackImHas WIOTHOCTH — 0,955 T/CeM’.
ITosrydeHHbIe pe3yabTaThl UCCIEIOBAHUS CBOMCTB 30JIbI
MTOKa3aHbl B Ta0M. 1.

Jlomennwiil winax

JIOMEeHHBIN MIJTaK METaJNTypru4ecKoro 3aBoja
«Xoa ®at» (BpeTHaM) ¢ UCTHHHOW ILIOTHOCTBHIO
p = 2,67 r/cm® u ynenbHO#l MoBEPXHOCTBIO 3600 cM>/T.
Ero xummgeckuii coctaB mpuBecH B Ta0II. 2.

3ona pucosoti wenyxu

30J1a pUCOBO LIENTYXU C UCTUHHOW IIOTHOCTBIO
2,32 r/cM® ¥ HACHINTHOMN TUIOTHOCTBIO p=0,572 /o’
Pesynbrars ananuza xumudeckoro coctasa 3PII mpen-
CTaBIICHBI B TaOI. 3.

Ipupoonwiii eunc

puponnsiii rurc (I1I') mpousBoacTBa GUPMEL
«luap By» (BpeTHaM) ¢ UCTUHHOW MIOTHOCTHIO
2,321/ CM3, ocrtarkoM Ha cute Ne 008 nocie nmpocenBaHust
He 0obIne 1 % u BnaxxHocThio 2,5 %. Ero Xxumuueckui
COCTaB IPUBEJICH B Ta0I. 4.

OcHOBHBIE (U3UKO-MEXaHUYECKUE TTOKA3aTeIIH HC-
1oJb30BaHHBIX AM/I cOOTBETCTBOBAIN TPEOOBAHUIM

'TOCT 25818-2017. 3011bI-yHOCA TEIIOBBIX HTEKTPOCTAHIHH
qutst 6eronoB. Texuudeckue ycnosusi. M. : U3n-Bo «Cranaap-
TBI», 2017. 23 C.

Taon. 1. Xumuueckuii coctas 3Y

T'OCT P 56196-2014%, TCVN 10302:2014° u ASTM C
618-15%.

C noMoIIBI0 METOA Ta3epHON TPaHyIOMETPUN
Ha ipubope BT-9300z (KHP) 6511 onpeneneH rpaHyIo-
Metpudeckuii coctaB 3Y TOC «Bynr Anry, A111, 3PIII
u [T (puc. 2).

2. MeJikuii 3210 THUTEID

Menxkwuii 3anonautens mnecok (I1) p. Jlo Taxke sB-
JISIETCSl OUEHb BaYKHOW 4acThi0 OETOHHOM cMecH, BIUs-
roleil Ha ee cBoiicTBa. B nccnenoBaHuN HCHOIB30BAH
pEeYHOI KBapleBbIi Mecok | kimacca, COOTBETCTBYIOLIUIA
tpeGopanmam FOCT 8736-2014° u TCVN 7570:2006°.
DU3NKO-MEXaHUYECKHUE CBOMCTBA NIECKA IPEICTABIICHBI
B Tabm. 5.

I'panynomeTpuueckuii COCTaB UCIOIb30BAHHOTO
mecka p. JIo mokazan Ha puc. 3.

3. AKTMBHUpYIOLIN 1IeJI0YHOH pacTBOp

AKTUBUPYIOUIUM LIEIOYHOH pacTBOP COCTOSII
13 BOJHBIX PaCTBOPOB I'MAPOKCUAA U CUIIMKATa HATPHs,
[UIOTHOCTBIO COOTBEeTCTBEHHO 1,63+0,01 r/cm’
u 1,4240,01 r/cm?, B cooTHOLIEHNH Na,Si03/NaOH=2,5
[20]; ero mpouienTHsI coctas o Macce: NaOH = 12 %;
Na,SiO; =30 % u Bozma = 58 %.

2T'OCT P 56196-2014. JI06aBKH aKTHBHBIC MUHEPAIIbHBIE JUTST
nemMeHToB. O0mue Texauyeckue yciaosus. M. : CtangapTus-
¢dopm, 2015. 9 c.

3 TCVN 10302:2014. Phuy gia hoat tinh tro bay dung cho bé
tong, vira xay va xi mang. NXB Xay dung. Ha Noi. 2014. 9 p.
4 ASTM C618-15. Standard Specification for Coal Fly Ash and
Raw or Calcined Natural Pozzolan for Use in Concrete.
STOCT 8736-2014. Tlecok utst CTPOMTENBHBIX paGoT. TexHu-
yeckue ycnous. M. : U3n-Bo «Cranmapte», 2014. 7 c.

® TCVN 7570:2006. Ct liéu cho bé tong va vita — Yéu ciu
k¥ thuat. Hanoi, Vietnam, 2006. 11 p.

Cpennuii XUMHUECKHHI cocTaB, % Macc.

SiOo, ALO; | Fe,O4 SO, Na,O K,0 MgO CaO P,05 IMorepu npu npoKaIMBaHUN
52,33 30,65 7,61 0,29 0,18 0,15 0,61 1,78 0,34 6,06
Ta6a. 2. Xumuueckuii cocras {111
CpenHuii XMMUYECKHH cocTas, % macc.
SiO, Al,O4 Fe, 04 CaO SO, IMotepu npu npokaaTMBaHUN
36,38 15,76 0,55 40,12 1,25 5,94
Taba. 3. Xumugeckuii cocras 3PIII
CpenHuii XUMHUECKHHI cocTaB, % Macc.
Si0, | ALO; | Fe,O5 | SO4 K,0 | Na,O | MgO | CaO | TiO, | P,Os IMorepu npu npoKaaIMBaHUN
88,2 1,25 1,75 0,5 1,14 2,67 0,8 0,52 0,15 0,25 2,77
Taoua. 4. Xumnueckuii cocras [1I"
Conep:xanue OKCUI0B, %
SO; CaO H,0 Fe,0; Al1,04 MgO ITpoune
42,13 34,27 18,4 2,12 1,37 0,63 1,08
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Pazmep wacTiin, MM

—— Jojia pHCOBOI 1LEIVEH
—— Jona-yHoca T3C «Byur Anrs

—o— JlomMeHHBI Ak
—s— [IpupoaHsii runc

Puc. 2. I'panynomerpudeckuii coctas 3Y TOC «Bynr Aury, A1, 3P, I1I"

Ta6ua. 5. dusnko-mMexaHnnyeckue cBoiicTna necka p. Jlo

n/m CaoiicTBa Enununa Pesynbrarel sxcniepumenTa
1 Monynb KpymmHOCTH — 2,56
2 HcTuHHas IIOTHOCTh r/em® 2,65
3 HacpimHas mioTHOCTh r/em’ 1,62
4 [TycroTHOCTB % 39,1
5 CozeprxaHue MbIIH, IMHBI U APYTUX TpUMeceit % 0,91

20/4%

T

[Tonnbie ocTaTKK Ha cUTax
nocJie rpocenBanus, %

80
100 % ]

0,14 } 0,63 1,25
0,315

2,5

JlnameTp OTBEPCTHIA CUT, MM

Puc. 3. I'panynomerprudeckuii coctas necka p. JIo
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4. Cynepniactugukarop

J1J1s1 CHYO)KEHHMS BOZIOTIOTPEOHOCTH, TTPY U3TOTOBIIC-
Huu reononumepHoro 6erona (I'TIB) ucrnonp3oBanu mo-
nukapOokcuiatHelid cynepriactudukarop SR S000F
(SR5000) mpousBoxctBa hupmsl Silk Road ¢ mioTHO-
cteio 1,1 r/em® mpu temmeparype 20+5 °C. D10 — cy-
neproractudukarop tuna G B COOTBETCTBHU C TpeOOBa-
Huem ASTM C4947.

MeTtonbl. MeTtoonorust paboThI BKITFOYANIA:

* W3y4eHHE Pa3MEpPOB YACTHII ChIPbEBBIX MaTEPH-
aJIOB, KOTOPOE ITPOBOIMIIN C TIOMOIITHIO METO/IA JIA3EPHON
rpanynomerpun Ha mpudope BT-9300z (KHP);

* JUISl OTIPEAEIICHHS IPEABAPUTEIHHOTO COCTaBa
reonoJIMMEPHON OETOHHOI CMECH TIPUMEHHIIN METOJ
a0COJTFOTHBIX 00BEMOB;

* yI0OOYKIaABIBAEMOCTh OETOHHOH CMECH OTpe-
JIeNISIN TI0 ee paciibiBy B MM 110 ASTM C1611-18%
TCVN 3106:2007° ¢ HOMOIIBIO YCEUEHHOTO MHHHKOHY-
ca 70 x 80 x 40 Mm;

* CPEJIHIOIO IUIOTHOCTH OETOHOB OMpPe/IeIsiIN Ha 00-
pasmax-kybax pazmepom 100 x 100 x 100 mm cormacHo
TOCT 12730.1-78'7;

* MIPOYHOCTH OCTOHOB Ha C)KaTHE YCTaHABIIH-
BaJIM UCHBITaHHEM 00pa3loB-KyOOB pa3mMepoM
100 x 100 % 100 MM, a Ha pacTsHKEHHE TP n3rnode Ha 00-
pasuax-npusmax pazmepom 100 x 100 x 400 mm B cooT-
BercTBuH ¢ Tpebosanmsivu TOCT 10180-20121;

* BomoHemnporuraeMocts [ TIb maxoxnmm o TOCT
12730.5-2018'? 1o mMeToy MOKpOro msTHA;

* BOJOIOTJIONIEHNE OETOHOB PacCUYMTHIBAIHU
no FOCT 12730.3-78".

PE3YJBTATHBI HCCJIEJOBAHUSA

1. CocTaB reonomMepHoOro 6ecueMeHTHOro Oe-
TOHA

PaspabareiBaemsrii ['TIb nomken oOmanars:

* IPOUYHOCTHIO Ha cxkarue nopsiaxa 60 MIla B Bo3-
pacre 28 CyTOK NocIIe TeII0BOM 00pabOTKH IIPH TeMIIe-
patype 100 °C B TeueHuUe 1meCT 4acOB B COOTBETCTBUHU
¢ TpeOOBaHMAMH HAIIMOHAILHOTO CTaHAapTa BoeTHaMa

7 ASTM C494. Standard Specification for Chemical Admixtures
for Concrete. 2019. 21 p.

8 ASTM C1611-18. Standard Test Method for Slump Flow
of Self-Consolidating Concrete. 2018. 20 p.

9 TCVN 3106:2007. Hn hop bé tong ning — Phuong phap
thir d6 sut. NXB Xay dung. Ha N6i. 2007. 10 p.

10 "OCT 12730.1-78. Betonsl. MeTomp! OTIpeNIeNIeH s TIOT-
Hoctu. M. : U3n-Bo «Crarmaptem», 2007. 5 c.

1 TOCT 10180-2012. Betonsl. MeToms! OTIpeIeTICHUS TIPOY-
HOCTH 110 KOHTPOJIBbHBIM 00pasiam. M. : 3x1-Bo «CranmapTen,
2013.35¢c.

2OCT 12730.5-2018. Betonsl. MeTomb oTIpeIeTICHUS BOJIO-
HenpoHunaemoct. M. : Uzn-Bo «Cranmapteny, 2018. 26 c.
3 TOCT 12730.3-78. Betonsl. MeTton OTIpEIeTICHNUS BOIOTIO-
rromeHus. M. : Uza-Bo «Cranmapteny, 2007. 6 c.
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TCVN 10306:2014'4, cornacHo K0TOpOMY BEICOKOTIPOU-
HBII OETOH K yKa3aHHOMY BO3PAacTy TBEPJCHUS UMEET
mpouHocTh 6onee 55 MIla;

* BBICOKOW BOJIOHEIIPOHUIIAEMOCThIO (HE MeHee
W10) u Hu3kuM BogomornonieHueM (e 6omnee 4 %
10 Macce) 1o TpeOOBaHMUSIM HAI[MOHAJIBHOTO CTaHJapTa
Brernama TCVN 9139:2012",

[IpoexTupoBanue npeaBapureabHoro cocrasa ['TIb
IIPUBEJIEHO HUXKE.

Pacuet cocTaBa reononuMepHoi 6ETOHHOM cMecH
MIPOM3BOAMIICS IO METOY aOCONMOTHBIX 00beMoB. Co-
IJIACHO 9TOMY METOJLY, PACXO0]] BCEX KOMITOHEHTOB OETOH-
HOW CMeCH JIOJDKEH OBITh TAKHM, YTOOBI CyMMa UX a0-
COJIOTHBIX 00beMoB coctasisuia 1000 1, Te. 1 M [8, 11,
14]:

3y Al 3P0 TIII' NaOH
—+ + + + +
Ysv Yowm  Ysemr  Yor
Na,SiO; TII  SR5000
—

YNasio, Tn

YNaoH

+BB=1000, (1)
YsRr5000

rae 3Y, 11, 3P, I1T, NaOH, Na,SiO;, I, SR5000 —
COOTBETCTBEHHO PACXOJbl 30JIbI-yHOCA, JOMEHHOTO
IIIJIaKa, 30JIbI PUCOBOH IIETYXH, IPUPOAHOTO THIICA, PAC-
tBopa NaOH, pactBopa Na,SiO;, mecka u cynepruiacTu-
¢uxaropa SR 5000F, krs v3y, Yy V3pus Y YNaoms
YNa,$i05 Y11 ¥ Ysrs000 — COOTBETCTBEHHO HCTHHHBIC
IUIOTHOCTH 30J1bI-yHOCA, JOMEHHOTO IILIAKa, 30JIbI PUCO-
BOH IIeyXH, MPUPOIHOTO THIIca, pactBopa NaOH, pac-
TBOpa Na,Si0;, mecka u cynepruiactuduxaropa SR
5000F, r/cm® (Tab1. 6); BB — 00beM BOBICUEHHOTO
BO3/yXa, JI.

VcxoqHbIe COOTHOMIEHHS CIPhEBBIX KOMIOHEHTOB
10 Macce B OETOHHOW CMeCH, BLIOpaHHbBIE JTS TIPOSKTH-
poBanus cocrasa I'TIb B pe3ynbraTe NpOBENEHHBIX HUC-
CJIeI0BaHUM U aHaIM3a HayYHO-TEXHUYECKOU JIUTeparTy-
pei [10, 12, 21, 22], npuBeneHs! B Tadm. 7.

Jns uccnenoBaHus BRIOpAaHBI CIEAYIOIIHE

COOTHOIICHHUA

APO =0,25;0,30;0,35; 0,40, 0,45; 0,50;

0,55; 0,60.

C moMoIIbI0 METO/1a aOCOIFOTHBIX 00BEMOB, a TaK-
e MOCIIEAYIONIeH KOPPEKTUPOBKH HA OCHOBAHUH ITOJTY-
YEHHBIX IKCIIEPUMEHTAIBHBIX PE3YJIBTATOB, PACCUUTAHBI
COCTaBbI OSTOHHBIX CMECEH JIs OTyIeHHUs OeCIIeMeHT-
uex ['TIb ¢ mpounocTeio Ha cxarue 1o 60 MIla mocie
TeruioBor 00paboTku mpu Temreparype 100 °C B Teue-
Hue miectd yacoB. COCTaBbl H3yUEHHBIX OETOHHBIX CMe-
ceil moka3aHbl B Ta0II. 8.

4 TCVN 10306:2014. Bé tong cudng do cao — Thiét ké thanh
phin mu hinh tru. Hanoi, 2014. 24 p.

STCVN 9139:2012. Céng trinh thuy lgi — Két cdu bé tong, bé
tong ct thép ving ven bién - Yéu cu k§ thuat. Hanoi, 2012.
15 p.
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Taou. 6. VcTuHHAS MIIOTHOCTD UCIIOIb30BAaHHBIX CHIPHEBBIX MATEPHAIOB
ChIpbEBBIC MATEPHAIIBI 3y A1 3PII nr NaOH Na,SiO; II SR5000
HcTuHHas IIOTHOCTD, r/em? 2,35 2,92 2,25 2,31 1,63 1,42 2,65 1,15
Tao6u. 7. CooTHOILIEHUE CHIPhEBHIX KOMIIOHEHTOB T10 Macce B OETOHHOM cMecH
OrHoweHus 3y J 3PII Ir AP 11 Na,Si0; SR5000 BB
MIo®™ | MIO MIO MO MIO M0 NaOH M0
Benununna 0,45 0,3 0,2 0,05 ot 0,25 10 0,6 1,3 2,5 0,005 3%
Ilpumeuanue: M0 = 3V + [ + 3P + T
Taba. 8. CocTaBbl reonoMMepHbIX OETOHHBIX CMecei
AP MusepanbHble 100aBKU AKTHBHPYIOUiE
CocraBbl M_I[O MJO, kr pacTBop IL, xr | SR5000, 1
3V, kr AL, xr | 3PUL xr | III, xr | NaOH, kr | Na,SiOs, kr
1 0,25 907 408 272 181 45 65 162 1179 4,5
2 0,30 879 396 264 176 44 75 188 1143 4.4
3 0,35 853 384 256 171 43 85 213 1109 4,3
4 0,40 828 373 249 166 41 95 237 1077 4,1
5 0,45 805 362 242 161 40 104 259 1047 4,0
6 0,50 783 352 235 157 39 112 280 1018 3,9
7 0,55 762 343 229 152 38 120 299 991 3,8
8 0,60 742 334 223 148 37 127 318 965 3,7

2. JKcnepuMeHTaIbHbIE Pe3y/IbTaThl ONpeseie-
HHUSI Y1000YKJIABIBAEMOCTH U CPe/IHell MJIOTHOCTH
O0eToHHbIX cMmeceli u I'TIB

Yno0oyKI1aIbIBAeMOCTh OCCIIEMEHTHBIX OETOHHBIX
cmeceid uist nonyyenusi I'TIb ouennBanu no pacribiBy
kxoHyca (PK) B MM B cooTBeTCTBHH C TpeOOBaHUAMH
ASTM C1611-18% u TCVN 3106:2007'°. cnibrranns
MPOBOAUJIN C TIOMOIIBIO YCEYECHHOI'O MUHUKOHYCA, U30-
OpaXeHHOTO Ha puc. 4, MyTeM M3MEpPEHUs JruamMeTpa
pacIuibIBa B JIByX B3aHMHO-TIEPIICH IUKYIISIPHBIX HAITPaB-
neHusx (puc. 5).

DKCIepUMEHTAIIBHBIC PE3YIbTAThI OMPEICICHUS
YA000yKIIaIbIBAEMOCTH, CPETHEN TNIOTHOCTH OETOHHBIX
cmeceit u I'TIb npencrasiens: B Tadm. 9.

W3 3kcriepuMeHTalIbHBIX PE3YyNIBTaTOB ONPEICTCHHS
TIO/IBYKHOCTH OETOHHBIX CMECEH CIIEIIYeT, YTO MO ITOMY
[TOKA3aTeIT0 KaueCTBa pa3padoTaHHbIC OCTOHHBIC CMECH
YIOBJICTBOPSIOT TpeboBanusMm crannaproB TCVN
8218:2009'7 (CTpouTeIHCTBO MOPCKHX H TIPHOPEIKHBIX
coopyxennit — Texuuueckue TpedoBanus) 1 TCVN
9139:2012'3 (BeToHHbIE KOHCTPYKIIMHU TSl MOPCKHX CO-
opyxeHnit — TexHndeckue TpeOOBaHuU).

16 TCVN 3106:2007. Hon hop bé tdng niang — Phwong phap
thtr d6 sut. Hanoi, 2010. 10 p.

7 TCVN 8218:2009. Bé tong thuy cong — Yéu cau ky thuat.
Hanoi, 2009. 12 p.

8 TCVN 9139:2012. Cong trinh thiy lgi — Két ciu bé tong,
bé tong cbt thép ving ven bién — Yéu ciu ky thuat. Hanoi,
2012. 15 p.

40 mm

Puc. 4. YceueHHbI MUHUKOHYC /ISl ONPEJIENIEHNUs] paCIIbIBa
GeToHHOI cMecu

Puc. 5. Onpenenenue yno00yKIIaI5IBaeMOCTH T€OMOTUMEPHBIX
OeToHHBIX cMecei o PK
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Tao6ua. 9. Yno6oyKkinaasiBaeMOCTh U CpeIHss INIOTHOCTh TeonoauMepHbIX 0eToHHBIX cMeceld u I'TIb, BogoHenponunaeMocTs

1 BOJIONOMIOIICHHE Pa3paboTaHHbIX OETOHOB

Cocrashi AP Pacninbis %Ziﬂoiiilinéﬁ:gggb CpenHsis INIOTHOCTh Bononenpouu- | Bogonomouenue,
MJIO | konyca, MM <l ’ I'TIB, kr/™m naemoctb, Mlla % macc.
1 0,25 180 2318 2237 1,0 3.9
2 0,30 190 2291 2218 1,0 3.9
3 0,35 190 2265 2210 1,8 2.5
4 0,40 200 2241 2189 1,2 3,7
5 0,45 210 2218 2180 0,8 4,2
6 0,50 220 2196 2108 0,8 4,3
7 0,55 230 2176 2100 0,6 5.4
8 0,60 230 2157 2100 0,4 6,8

B Xoze mpoBeeHHBIX 3KCIEPHMEHTOB YCTaHOBIIE-
HO, YTO IMOJIy4YEHHBbIC OCTOHHBIE CMECH OJHOPOIHBI
U HE MPOSIBIIAIOT TEHACHIIMN K PACCIOCHUIO U BOZOOT-
JICTICHHIO.

Kpome Toro, 13 SKCIIepUMEHTAIBHBIX PE3yIbTaTOB
ucnsltannii [ TIB-06pa3oB MOXXHO cienarh BEIBOJ O TI0-
BBIIIEHNH BOJIOHETIPOHHUIIAEMOCTH U CHU>KEHUH BOJIOTIO-
miomieHust paspadoranusix I'TIB ¢ pocToM MX mIOTHOCTH.

3.IIpo4HoCTb Ha c:KaTHe U PacTsAKeHUe MPU U3-
rube I'lTb-00pa3noB B pa3HOM Bo3pacTe TBePACHHSA

Betonnsie o0pasmsr B popme KyOOB pazmepom
150 x 150 x 150 MM H3roTaBIMBaINCh B COOTBETCTBHU
¢TOCT 10180-2012 u TCVN 3118:2012". Pesynsrars
yCTaHOBJIEHHS Npo4yHOCTH pazpadoranHslx [ TIb Ha cxa-

1 TCVN 9334:2012. Bé tong ning — Phuong phap xac dinh
cudng d nén bang siing bét ndy. Hanoi, 2012. 09 p.

THE B PA3HOM BO3PACTe TBEPACHHS U HA PACTSKEHHE IPH
n3rude B Bo3pacte 28 CyTOK, a TaKKe TOCIIe UX TeIIOBOU
o00pabotku pu Temreparype 100 °C B TeueHuE mecTu
gacoB npuBeneHsl B Tadn. 10, 11 u Ha puc. 6, 7.

W3 npuBenennsix B Tabm. 10, 11 u Ha puc. 6, 7 skc-
MIEPUMEHTANBHBIX PE3YJIbTaTOB BHIHO, YTO MPOUYHOCTH
oOpasnos I'TIb-0eToHOB Kak Ha c)kKaTHe, TaK M Ha pac-

TSHKEHUE, TIPU n3ru0e 3aBUCUT OT COOTHOIICHUS

MJIO”
[Ipruem, Ha OHE YCTAaHOBICHHOHN OOIICH TCHICHINH
CHIDKEHHS TPOYHOCTH C POCTOM YKa3aHHOTO COOTHOIIIE-
HUs1, HAOOJIBIIINE ¢ 3HAUCHUS HAONIOAAI0TCS MPH Be-
JIMYMHE 3TOTO COOTHOIICHHUS, paBHOI 0,35. TepMo00-
paboTka 6eTOHHBIX 00pa3I[OB MpUBETa K MOBBIIICHUIO
28-cyTOUHOH MPOYHOCTH Ha ckatue Ha 63—89 %,
a Ha pacTshKeHHeE MpH u3rnode Ha 35-66 %.

Ta6a. 10. [Tpounocts Ha cxxatue U pacTsukenne mpu n3rnde ['TI5-00pa3noB B pa3HOM BO3pacTe HOPMAJILHOTO TBEPICHUS

AP IIpounocts Ha cxarue, MIla [TpouHoCTh Ha pacTsKEHUE
CocTaBbl
MO 3 cyt 7 cyT 14 cyT 28 cyT 90 cyT npu usrube, Mlla
1 0,25 20,4 25,2 30,1 34,4 38,7 3,65
2 0,30 243 32,6 343 36,6 40,6 3,45
3 0,35 25,7 33,4 36,2 37,8 433 3,72
4 0,40 23,6 28,2 334 354 38,9 3,44
5 0,45 18,2 21,3 27,7 28,7 31,2 2,78
6 0,50 14,4 19,8 23,4 25,6 28,3 2,54
7 0,55 12,1 15,7 18,6 20,1 23,1 2,12
8 0,60 12,3 14,2 17,9 19,2 22,7 2,20

Ta6ua. 11. [Tpounocts Ha cxxarue u pactspkenue npu u3rude I'TIb-o0pa3oB B pa3HOM Bo3pacTe Mocje TeIIoBoi 00padboTKu

npu temneparype 100 °C B TeueHHE LIECTH YacOB

Cocrast AP IIpounocts Ha cxarue, MIla ITpOYHOCTS Ha PACTSKEHHE
MJIO 3 cyt 7 cyT 14 cyT 28 cyT 90 cyT npu usrude, Mlla
1 0,25 31,4 442 54,1 58,3 62,5 4,95
2 0,30 35,5 48,4 56,1 60,1 65,7 5,75
3 0,35 36,8 50,9 57,2 62,4 66,1 6,10
4 0,40 344 42,1 52,7 58,2 60,6 5,45
5 0,45 27,1 323 43,1 47,1 51,7 4,43
6 0,50 21,3 30,1 37,6 41,3 45,9 3,87
7 0,55 18,7 22,4 29,9 33,1 374 3,10
8 0,60 17,8 21,4 28,8 32,2 36,8 2,98
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[TpouHocTh pa3paboTaHHBIX OETOHOB HA C)KATHE
B BO3pacTe TPeX CYTOK TBEPAEHUs cocTaBuia oT 51
J0 66 % oT ux 28-cyTOYHON MPOYHOCTH, a K CEAbMBIM
CyTKaM TBepAeHHUsd — 0T 65 10 82% ykazaHHOW Mpod-
HOCTH, YTO CBUAETEILCTBYET O BBICOKOM TeMIIe Habopa
MIPOYHOCTH B paHHEM Bo3pacTe. [lomydenHble pe3yibra-
Thl MOXXHO OOBSICHUTh aKTHBUPYIOIIMM JI€HCTBUEM
menouHoro pactsopa NaOH + Na,SiO;, KoTopslii BCTY-
TIaeT BO B3aMMOZACHCTBUE C AIFOMUHATHBIMH 1 CHITHKAT-
HBIMH COCTaBJISIONIMMHU HCIIOJIb30BaHHBIX aKTHBHBIX
MHHEPAIBHBIX 100aBOK ¢ 00pa3zoBaHHeM ObICTPO CXBa-
TBHIBAIOIIEHCS TEIEeBOH TTOIMMEPHON CHCTEMBI, 00JIaia-
fo1el BSKyIuME cBorictBamu [20, 21].

BBIBO/JbI

Ha ocHOBaHMU pe3yabTaTOB MPOBEIEHHBIX HCCITe-
JIOBaHUI MOXKHO CJIEJIaTh CICAYIOIINE BHIBOJIBL.

Ucnonb3yst mecTHbIe 17151 BbeTHaMa chIpbeBbIe Ma-
TepHUaIbl, BKII0Yass MHOTOTOHHKHBIE TEXHOTCHHBIE OT-
xonb!l B Bune torutuBHOM 3V, I u 3PIL, uro Gymer

CIIOCOOCTBOBATH 3AIUTE OKPYKAIOLICH CPEe/bl, MOKHO
noryunth ['TIb Ha GecrieMeHTHOM BsDKYIEM, KOTOPBIN
6e3 TepMo0OpadOTKH JOCTHTACT K 28 CyTKaM TBEPIACHUS
npoyHocTy Ha cxarue 38 Mlla u Ha pacTspkeHue mpu
nzru6e 3,72 Mlla. Tertoas obpadotka mpu 100 °C
B TEUCHHUE IIECTH YaCOB MPUBOANT K YBEIMUCHUIO YKa-
3aHHBIX NTPOYHOCTHBIX TMOKa3aTesiel COOTBETCTBEHHO
1o 62 u 6,1 MIIa.

Boicokuii TeMnn Habopa MPOYHOCTH Ha CHKATHE
B panHeM Bo3pacrte aenaet I TIb nepcrnekTHBHBIM cTpo-
UTENBbHBIM MaTepuanom. Kpome Toro, mpou3BoaCcTBO
Takoro 0eToHa OyIeT crocoOCTBOBATh OXPaHE OKPYKa-
IoMIeH Cpelibl 3a CUeT YKOHOMUH IPHPOAHBIX PECYPCOB
1 BO3MO>KHOCTH IIPUMEHEHHSI MHOTOTOHHA)KHBIX TEXHO-
T€HHBIX OTXOJIOB.

Heo0xoanMo mpogomKuTh HCCclieoBaHNs (HU3UKO-
MEXaHUYECKHUX CBOMCTB M DKCIUTyaTallMOHHBIX MOKa3a-
Tenel paspadboranusix ['TIb ¢ 1ienmbio onpeneeHus Hau-
6ojee panMOHATHHBIX 00JacCTe UX MPUMEHEHUS IS
CTPOUTEIBHBIX PA0OT B YCIOBHSIX KAPKOTO U BIAYKHOTO
KirMara BreTHama.
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INTRODUCTION

In recent years, a new concrete mixture production
method was proposed. This concrete mixture does not
contain any cement, since it can be replaced with large-
tonnage waste, including pulverized fuel ash (FA), blast
furnace slag (BFS), etc. At the same time, in terms
of strength, cement-free concrete, obtained as a result
of curing this mixture, will be comparable with traditional
concretes that contains cement. A special alkaline
solution, that “melts” industrial waste and binds
the mixture components in the same way as cement, is
anecessary component used to make this concrete. This
material will have higher fire and corrosion resistance.
The use of cement-free concrete can improve
the environment, due to lower carbon dioxide emissions
into the atmosphere, up to 10 % of which are formed as
a result of the Portland cement production [1-3].

The problem of environmental improvement
through the rational use of large-tonnage industrial waste
is severe, since the ash and slag waste, generated by
energy generating enterprises each year, exceeds 25
million tons and occupies the area of more than 20
thousand hectares in the Russian Federation [4, 5].

According to the report, issued by the Ministry
of Industry and Trade of Vietnam, this country has 21
coal-fired thermal power plants, emitting almost 20
million tons of ash and slag per year, which need landfills
with the total area of more than 800 hectares. It was
expected that by 2020 12 more coal-fired power plants
would operate, hence, annual ash and slag emissions will
2o up to 23-25 million tons. This move will negatively
affect the environment and cause water pollution.
Although industrial waste (FA, BFS) is used in
the production of some types of building materials (for
example, fired bricks production, roadway leveling), their
use is limited and it reaches about 5—10 million tons per
year [6-8].

A significant number of metallurgical plants operate
in Vietnam. They are Thai Nguyen, Ha Tinh, Phu Mi,
Hoa Phat and others. As a result of their work, a large
amount of blast furnace slag that pollutes the environment
is formed annually. Therefore, the use of such slag in
the concrete production will increase its economic
efficiency and minimize environmental pollution.

The world production of cement is about 3 billion
tons per year, 99 million tons are produced in Vietnam.
Cement production is not only an expensive process, it
is energy intensive and it contributes to the greenhouse
effect due to the emission of carbon dioxide. If all
regulatory requirements applicable to the concrete binder
are met in the course of production, some portion
of'the cement can be replaced with processed slag having
a suitable composition. Since blast furnace slags are
reactive due to their chemical and mineralogical
composition (the ratio of SiO,, Al, O; and CaO), their
ability to replace some of the clinker will reduce the cost
of the composite binder, reduce the consumption
of electricity, heat and CO, emissions [9-11].
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Industrial waste, including waste fuel, is a significant
cause of environmental problems and the pollution of soil,
water and air in all the provinces of Vietnam. At the same
time, the reusability of technogenic waste is very limited,
and it reaches about 2-5 % [7, 8].

A thermal power plant, located in Vung Ang
industrial park in the central part of Vietnam, started
working in 2012. It generates about 1 million tons of various
ash and slag waste a year, and in addition to air pollution,
this waste pollutes sea water. This pollution caused mass
death of fish and marine animals in 2016 (Fig. 1) [10].

Fig. 1. Pollution of sea water by the technogenic waste in Vung
Ang industrial park (Vietnam)

Therefore, the reclamation of waste generated as
a result of combustion of solid fuels is not so much
amatter of saving material resources as the need to solve
the problem of growing environmental pollution which
has an adverse impact on human health.

Since FA, BFS and RHA are chemically active, they
can be recycled and reused.

In rice-producing countries, over 1 ton of rice straw
and husk is produced per 1 ton of grain, so there is
a serious problem of their disposal. Rice straw is mainly
used in agriculture (up to 70 % is used as animal feed),
and in construction as finishing and roofing materials (up
to 5 %), the rest is burned directly in the fields (up to
15 %) or left there, as well as in places where rice is
threshed for natural decomposition (up to 10 %). Today,
rice straw is mainly used in the production of cellulose
and its derivatives [12, 13], and rice husk is used in
the production of crystalline and amorphous silica [14],
and the latter is used to make building materials. Since
1994, in Vietnam and in other rice-producing countries
of the world, various studies have been carried out to
explore the use of rice straw and rice husk ash (RHA) in
the production of building materials [15]. Having
reviewed the history of these studies, we can conclude
that the majority of the researches was aimed at studying
the effect of RHA on the properties of concrete and
mortar, and very few of them were focused on geopolymer
concrete.

Vietnam is located in the tropical region of
the northern hemisphere; it has monsoon type of climate
and its seasons and regions feature different weather
conditions, since its territory is stretched from north to
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south along the sea coast and this distance reaches 3,200
km. In recent years there has been a manifold increase
in the number of hydrotechnical structures there [10].

Besides, numerous hydrotechnical facilities make
up the system of reservoirs and canals all over the country
[16].

According to the analysis carried out by a number
of research institutions in Vietnam, more than 50 %
of constructions of sea and river hydraulic structures in
the country become seriously damaged or completely
destroyed after 5-20 years of operation [11, 13].

In the course of the long-term operation, the strength
and durability of reinforced concrete structures decrease
under the influence of the groundwater, cracks appear in
the concrete, the protective layer gradually wears out,
and the steel reinforcement is corroded [17-19].

The co-authors of this article studied the potential
use of large-tonnage technogenic waste (FA, BFS and
rice ash) coupled with an activating alkaline solution
(NaOH and Na,SiO5;) to obtain geopolymer concrete that
has a high-performance cement-free binder. As a result
of experimental studies, cement-free concrete was
obtained, which showed a compressive strength of 62 MPa
in the aftermath of its six-hour heat treatment at
the temperature of 100 °C at the age of 28 days. Also,
the resulting concrete has high water resistance and low
water absorption, which, in terms of its combination
of properties, makes it usable for construction purposes
in the hot and humid climate of Vietnam. In addition,
the production of this concrete will contribute to
environmental protection; it will save natural resources
and ensure the cyclability of large-tonnage technogenic
waste.

Table 1. The chemical composition of fly ash

MATERIALS AND METHODS

Materials. The following raw materials were used
in the work.

1. Active mineral additives

Active mineral additives (AMA), used in the project,
included fuel FA, BFS and RHA. Natural dihydrate
gypsum was applied to regulate the setting time
of the concrete mixture.

Fly ash

Class F low-calcium fly ash generated by Vung Ang
thermal power plant met the requirements of GOST
25818-2017"; its moisture content was 1.15 %, true
density p = 2.19 g/cm?, bulk density — 0.955 g/cm?.
The results of the study of ash properties are shown in
Table 1.

Blast furnace slag

The chemical composition of the blast furnace slag,
having true density p = 2.67 g/cm?> and the unit surface
area of 3,600 cm*/g, is produced by Hoa Fat metallurgical
plant (Vietnam). Its chemical composition is shown in
Table 2.

Rice husk ash

Rice husk ash with a true density of 2.32 g/cm®and
bulk density p=0.572 g/cm’. The results of the analysis
of the chemical composition of the RHA are presented
in Table 3.

' GOST 25818-2017. Fly ash from thermal power plants used
for concretes. Technical specifications. Moscow, Standarty
Publ., 2017; 23.

Average chemical composition, mass. %

SiO, AlLO; | Fe,O4 SO, Na,O K,0 MgO CaO P,04 Ignition loss
52.33 30.65 7.61 0.29 0.18 0.15 0.61 1.78 0.34 6.06
Table 2. Chemical composition of BFS
Average chemical composition, mass. %
SiO, Al,O4 Fe, 04 CaO SO, Ignition loss
36.38 15.76 0.55 40.12 1.25 5.94
Table 3. Chemical composition of RHA
Average chemical composition, mass. %
Si0, | ALO; | Fe,O5 | SO4 K,0 | Na,0O | MgO | CaO | TiO, | P,Os Ignition loss
88.2 1.25 1.75 0.5 1.14 2.67 0.8 0.52 0.15 0.25 2.77
Table 4. Chemical composition of NG
Content of oxides, %
SO, CaO H,0 Fe,04 Al1,04 MgO Other
42.13 34.27 18.4 2.12 1.37 0.63 1.08
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Natural gypsum

Natural gypsum (NG) produced by Dinh Wu
(Vietnam) with a true density of 2.32 g/sm?, post-
sieving residue (sieve No. 008) is not more than 1 %,
and the moisture content of 2.5 %. Its chemical
composition is provided in Table 4.

Principal physical and mechanical properties
of the AMA used in the project met the requirements
of GOST R 56196-2014%, TCVN 10302:2014° and
ASTM C 618-15%.

2 GOST R 56196-2014. Active mineral additives for cements.
General technical specifications. Moscow, Standartinform
Publ., 2015; 9.

3 TCVN 10302:2014. Phy gia hoat tinh tro bay ding cho bé
tong, vira xay va xi mang. NXB Xay dung. Ha Noi, 2014; 9.
4 ASTM C618-15. Standard Specification for Coal Fly Ash and
Raw or Calcined Natural Pozzolan for Use in Concrete.

The granulometric composition of FA from TPP
Vung Ang, BFS, RHA and NG was determined using
unit BT-9300z and the method of laser granulometry
(China) (Fig. 2).

2. Fine aggregate

Sand (S), coming from the Lo river, serves as a fine
aggregate which is also a very important component
of the concrete mixture, affecting its properties. The co-
authors used class I river quartz sand, which meets
the requirements of GOST 8736-2014° and TCVN
7570:2006°. The physical and mechanical properties
of sand are presented in Table 5.

Granulometric composition of the sand is shown in
Fig. 3.

5 GOST 8736-2014. Sand for construction work. Technical
conditions. Moscow, Standards Publ., 2014.

® TCVN 7570:2006. Cét liéu cho bé tong va vira— Yéu cau
k¥ thuat. Hanoi, Vietnam, 2006; 11.

8

Individual content, %

Lopansnsnsloonnnsnenlosnsnnepelansosannslonsonsnpilosonsssnalioonpnonnlorisninny

Particle size, pm

*— Rice husk ash

—<— Fly ash from Vung Ang TPP

—c— Blast furnace slag
—o— Natural gypsum

Fig. 2. Granulometric composition of FA from TPP Vung Ang, BFS, RHA and NG

Table 5. Physical and mechanical properties of sand brought from the Lo river.

No. Properties Measurement unit Experiment results
1 Size module — 2.56
2 True density g/em’ 2.65
3 Bulk density g/em® 1.62
4 Porosity % 39.1
5 Content of dust, clay and other impurities % 0.91
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Fig. 3. Granulometric composition of the sand

3. Activating alkaline solution

An activating alkaline solution, consisting of the
aqueous solutions of sodium hydroxide and silicate,
having a density of 1.63+0.01 g/cm®and 1.42+0.01 g/cm®,
respectively, at the ratio of Na,SiO; /NaOH = 2.5 [20];
its percentage by weight: NaOH =12 %; Na, Si0;=30 %
and water = 58 %.

4. Superplasticizer

To reduce the water consumption, polycarboxylate
superplasticizer SR 5000F (SR5000), manufactured by
Silk Road, with a density of 1.1 g/cm? at the temperature
of 2045 °C, was used to make geopolymer concrete
(GPC). It is the type G superplasticizer pursuant to ASTM
C494’.

Methods. The methodology of the work encom-
passed:

* the study of sizes of raw material particles
performed by the laser granulometry method using BT-
9300z (PRC) machine;

* the method of absolute volumes used to determine
the preliminary composition of the geopolymer concrete
mixture;

* concrete workability was determined by its spread
(in mm) identified using a truncated mini-cone
70 x 80 x 40 mm pursuant to ASTM C 1611-18% and
TCVN 3106:2007%;

* average concrete density was determined using
cube samples 100 x 100 x 100 mm in accordance with
GOST 12730.1-78'%;

 the compressive strength of the concrete was
identified using cube-shaped specimen whose dimensions
were equal to 100 x 100 x 100 mm, and the tensile

7 ASTM C494. Standard Specification for Chemical Admixtures
for Concrete. 2019; 21.

8 ASTM C1611-18. Standard Test Method for Slump Flow
of Self-Consolidating Concrete. 2018; 20.

9 TCVN 3106:2007. Hdn hop bé tong ning — Phuong phap
thir 49 sut. NXB Xay dung. Ha Noi. 2007; 10.

10 GOST 12730.1-78. Concrete. Methods for determining den-
sity. Moscow, Standards Publ., 2007; 5.

flexural strength was identified with the help of prism-
shaped specimens 100 x 100 x 400 mm each in accordance
with GOST 10180-2012"";

* the impermeability was identified according to
GOST 12730.5-2018'? by the wet spot method;

* the water absorption of concrete was calculated
according to GOST 12730.3-78"3.

RESULTS OF THE STUDY

1. Composition of geopolymer cement-free
concrete

The geopolymer concrete (GPC) must have the fol-
lowing properties:

» compressive strength about 60 MPa on the 28th
day following the heat treatment at 100 °C for six hours
in accordance with the national standard of Vietnam
TCVN 10306: 2014, according to which high-strength
concretes must have a strength of more than 55 MPa;

* high water resistance (no less than W10) and low
water absorption (no more than 4 % by mass) according
to the requirements of the national standard of Vietnam
TCVN 9139: 2012".

The design of the preliminary composition
of the GPC is provided below.

The calculation of the composition of the geopoly-
mer concrete mixture was carried out using the method
of absolute volumes. According to this method, the con-

"' GOST 10180-2012. Concrete. Methods for determining
the strength of benchmark samples. Moscow, Standards Publ.,
2013; 35.

12 GOST 12730.5-2018. Concrete. Methods for determining
water resistance. Moscow, Standards Publ., 2018; 26.

13 GOST 12730.3-78. Concrete. Method for determining water
absorption. Moscow, Standards Publ., 2007; 6.

4 TCVN 10306:2014. Bé tong cudng do cao — Thiét ké thanh
phén mau hinh tru. Hanoi, 2014; 24.

IS TCVN 9139:2012. Cong trinh thiy lgi — Két cdu bé tong,
bé tong cdt thép vung ven bién — Yéu ciu ky thuit. Hanoi,
2012; 15.
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sumption of all components of the concrete mixture
should be such that the sum of their absolute volumes is
1,000 liters, i.e. 1 m*[8, 11, 14]:

FA BFS RHA NG NaOH
— + + + +

Yea  YBrs YrRHA  YNG  YNaOH
Na,SiO R
+$+i+w+EA=I.OOO’ (1)
TNa,sio,  ¥s  Ysrs000

where FA, BFS, RHA, NG, NaOH, Na,SiO;, S, SR5000
stand for the consumption of fly ash, blast furnace slag,
rice husk ash, natural gypsum, NaOH solution, Na,SiO4
solution, sand and SR superplasticizer S000F, kg; vpa,
VBFS» YRHA: YNG> YNaOH> YNaysioy» Vs Ad Ysg o0, are the true
densities of fly ash, blast furnace slag, rice husk ash,
natural gypsum, NaOH solution, Na,SiO; solution, sand
and superplasticizer SRS000F, g/cm? (Table 6); EA is
the volume of entrained air, 1.

The initial blend of the raw materials in the concrete
mixture (by mass), selected for the design of the
composition of the GPC as a result of research and
analysis of the literature [10, 12, 21, 22], are provided
in Table 7.

The following ratios were selected for the study

AP 0.25:0.30: 0.35: 0.40; 0.45: 0.50: 0.55: 0.60.
AMA

The method of absolute volumes was used, and
subsequent correction was made based on the obtained
experimental result, the compositions of concrete
mixtures were calculated to obtain cement-free GPC with

Table 6. True density of raw materials used

a compressive strength of up to 60 MPa after the six-hour
heat treatment at the temperature of 100 °C. Compositions
of the concrete mixtures discussed in this work, are
provided in Table 8.

2. Experimental identification of workability and
average density of concrete mixtures and GPC

The workability of cement-free concrete mixtures,
used to make GPC, was evaluated by measuring the cone
flow diameter in mm in accordance with the requirements
of ASTM C1611-18% and TCVN 3106:2007"°. Tests were
performed with the help of a truncated mini-cone shown
in Fig. 4. Two flow diameters were measured in the two
mutually perpendicular directions (Fig. 5).

Experimentally obtained workability, average
density of concrete mixtures and GPC are presented in
Table 9.

The experimentally identified fluidity of concrete
mixtures meets the requirements of TCVN 8218:2009'7
standards (Construction of Offshore and Offshore Struc-
tures — Technical Requirements) and TCVN 9139:2012'8
(Concrete Structures for Offshore Structures — Techni-
cal Requirements).

16 TCVN 3106:2007. Hon hop bé téng ning — Phwong phap
thir d6 sut. Hanoi, 2010; 10.

7 TCVN 8218:2009. Bé tong thity cong — Yéu cau ky thuit.
Hanoi, 2009; 12.

8 TCVN 9139:2012. Céng trinh thay lgi — Két ciu bé tong,
bé tong cbt thép ving ven bién — Yéu ciu k¥ thuét. Hanoi,
2012; 15.

Raw materials FA BFS RHA NG NaOH Na,SiO; S SR5000
True density, g/cm® 2.35 2.92 2.25 2.31 1.63 1.42 2.65 1.15
Table 7. The blend of raw materials in the concrete mixture (by mass)
Ratios FA BFS RHA NG AP S Na,SiO; | SR5000 EA
AMA®) | AMA | AMA | AMA AMA AMA NaOH | AMA
Quantity 0.45 0.3 0.2 0.05 0.251t0 0.6 1.3 2.5 0.005 3%
Note: )AMA = FA + BFS + RHA + NG.
Table 8. Compositions of geopolymer concrete mixtures
i- Mineral additives Activating solution
Composi-| A | AMA. ke Chta S, kg | SR5000, 1
tions FA, kg | BFS, kg | RHA, kg | NG, kg | NaOH, kg | Na,SiO;, kg
1 0.25 907 408 272 181 45 65 162 1,179 4.5
2 0.30 879 396 264 176 44 75 188 1,143 4.4
3 0.35 853 384 256 171 43 85 213 1,109 4.3
4 0.40 828 373 249 166 41 95 237 1,077 4.1
5 0.45 805 362 242 161 40 104 259 1,047 4.0
6 0.50 783 352 235 157 39 112 280 1,018 3.9
7 0.55 762 343 229 152 38 120 299 991 3.8
8 0.60 742 334 223 148 37 127 318 965 3.7
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40 mm

Fig. 4. Truncated mini-cone used to determine the spreading
of the concrete mixture

Fig. 5. Determination of workability of geopolymer concrete
mixtures according to the cone flow diameter

In the course of the experiments, it was found that
the concrete mixtures are homogeneous and do not de-
monstrate delamination and water separation.

Table 9. Workability and average density of geopolymer concrete mixtures and GPC, water resistance and water absorption

of the developed concretes

Composi- | AP i?;;eﬂt(e):v densit?lv(?fr‘ac%)encre " Average density Impermeability, Water adsorption,
tions AMA mm ’ mixtures, kg/m’ of GPC, kg/m® MPa mass. %
1 0.25 180 2,318 2,237 1.0 3.9
2 0.30 190 2,291 2,218 1.0 3.9
3 0.35 190 2,265 2,210 1.8 2.5
4 0.40 200 2,241 2,189 1.2 3.7
5 0.45 210 2,218 2,180 0.8 42
6 0.50 220 2,196 2,108 0.8 43
7 0.55 230 2,176 2,100 0.6 5.4
8 0.60 230 2,157 2,100 0.4 6.8

Moreover, the experimental results suggest that
water resistance goes up and water absorption goes down
along with the density growth.

3. Bending compressive and tensile strength
of GPC specimens at different hardening ages

Cube-shaped concrete samples, having the dimen-
sions of 150 x 150 x 150 mm were made in accordance
with GOST 10180-2012 and TCVN 3118:2012". Com-
pressive strength was measured at the age of 28 days,
and its bending tensile strength was measured at different
ages of hardening, if was also measured after their six-
hour heat treatment at the temperature of 100 °C. The re-
sults are provided in Tables 10, 11 and in Fig. 6, 7.

Experimental data consolidated in Tables 10, 11 and
Figures 6, 7 suggest that the bending compressive and
tensile strength of the specimens of GPC concrete de-

19 TCVN 9334:2012. Bé tong ning — Phuong phap xéac dinh
cuong do nén bang sung bat ndy. Hanoi, 2012; 09.

pends on the ratio

. Moreover, against the back-

ground of the established general trends towards
the strength reduction accompanied by the increase in
the specified ratio, strength values are maximal if the va-
lue of this ratio is equal to 0.35. The heat treatment of con-
crete specimens led to an increase in the 28-day compres-
sive strength by 63—-89 %, and an increase in bending
tensile strength by 35-66 %.

The compressive strength of the developed concrete
at the age of three days of hardening reached 51 to 66 %
of their 28-day strength, and by the seventh day of har-
dening it went up from 65 to 82 %, which indicates a high
pace at an early age. The results can be explained by the
activating effect of alkaline solution NaOH + Na,SiO;,
which interacts with aluminate and silicate components
of active mineral additives and form a rapidly setting gel
polymer system with binding properties [20, 21].
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Table 10. Bending compressive and tensile strength of GPC specimens at different ages of normal hardening

. AP Compressive strength, MPa . )
Compositions Bending tensile strength, MPa
AMA 3 days 7 days 14 days 28 days 90 days
1 0.25 20.4 252 30.1 34.4 38.7 3.65
2 0.30 243 32.6 343 36.6 40.6 3.45
3 0.35 25.7 33.4 36.2 37.8 433 3.72
4 0.40 23.6 28.2 334 354 389 3.44
5 0.45 18.2 21.3 27.7 28.7 31.2 2.78
6 0.50 14.4 19.8 234 25.6 28.3 2.54
7 0.55 12.1 15.7 18.6 20.1 23.1 2.12
8 0.60 12.3 14.2 17.9 19.2 22.7 2.20

Table 11. Bending compressive and tensile strength of GPC samples at different ages after six-hour heat treatment at the tem-
perature of 100 °C

. AP Compressive strength, MPa . .
Compositions Bending tensile strength, MPa
AMA 3 days 7 days 14 days 28 days 90 days

1 0.25 314 442 54.1 58.3 62.5 4.95
2 0.30 355 48.4 56.1 60.1 65.7 5.75
3 0.35 36.8 50.9 57.2 62.4 66.1 6.10
4 0.40 344 42.1 52.7 58.2 60.6 5.45
5 0.45 27.1 323 43.1 47.1 51.7 4.43
6 0.50 21.3 30.1 37.6 41.3 45.9 3.87
7 0.55 18.7 22.4 29.9 33.1 37.4 3.10
8 0.60 17.8 214 28.8 322 36.8 2.98
70

—o— Composition | —o— Composition 2

—&— Composition 3 —— Composition 4
60 —&— Composition 5 —— Composition &

—&— Compaosition 7 —CO— Composition 8

Compressive strength of GPC specimens, MPa

90

Hardening age, days

Fig. 6. Dependence of the compressive strength of GPC samples on their composition and age at different ages of normal
hardening
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Fig. 7. Dependence of the compressive strength of GPC specimens on their composition and age after the six-hour heat treat-

ment at the temperature of 100 °C

CONCLUSIONS

The following conclusions can be made on the basis
of the results of the studies performed by the co-authors.

Local Vietnamese raw materials, including large-
tonnage technogenic waste in the form of fuel FA, BFS
and RHA, which may contribute to environmental
protection, can be used to make GPC that contains
a cement-free binder. Its compressive strength is 38 MPa
without heat treatment at the age of 28 days of hardening
and its bending tensile strength is 3.72 MPa. Its six-hour

heat treatment at 100 °C leads to an increase in the above
strength indicators, respectively, to 62 and 6.1 MPa.

A high rate of early development of compressive
strength makes GPC a promising building material. In
addition, the production of such concrete will contribute
to environmental protection by saving natural resources
and the usability of large-tonnage technogenic waste.

It is necessary to continue researching the physical
and mechanical properties and performance indicators
developed by the GPC in order to determine the most
rational areas of their application for construction
purposes in the hot and humid climate of Vietnam.
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